Introduction
Silicon compounds with expanded coordination spheres, known as 'hypercoordinate' complexes, have been studied for a long time. 1 One class of these complexes possesses chelate ring(s) with hemilabile 2 ligand(s) which bear one inert and one labile heteroatom donor. Examples of neutral complexes of this type exhibiting dynamic Si←N or Si←O dative bond rupture include those based on N,N-dimethylbenzylamine, 3 tropolone, 4 acetylacetone, 5 quinolone, 6 salicylaldimine, 7 hydrazide, 8 acetamide, 9 prolinamide, 10 and glutarimide 11 ligands, among many others. These complexes are fundamentally interesting with respect to dynamic changes in their coordination mode, with their dative interactions often strongly being influenced by solvent, temperature, and substituent effects.
In view of the dynamic behavior observed in many hypercoordinate neutral silicon complexes, the study of complexes bearing the 1-oxo-2-pyridinone (OPO) ligand was particularly attractive.
Although the OPO ligand is monovalent, it is only known to form chelate complexes similar to the isoelectronic and structurally-equivalent divalent catecholate ligand. 12 From either of its 2-pyridinone or N-oxide tautomeric forms, the OPO ligand chelates formally through an oxyanion and a dative oxo linkage ( Figure 1 ). In one of its resonance structures having π-electron delocalization, the ligand may be viewed as a 'coordinated countercation' which may strengthen the chelate resulting from greater ionic character in the bonding. A similar situation occurs in the chelation of tropolone. The chelate effect of the OPO ligand and related derivatives plays an important role in their effectiveness as sequestering agents, 13 and in the stability of their complexes in various medical applications. 12a,14 To the best of our knowledge, dissociative equilibria involving the OPO ligand have not been reported for any metal or metalloid complex and there are also no known reports of an isolated metal complex bearing a monodentate OPO ligand. Co(OPO)3 and NbO(OPO)3 complexes are known for which stereodynamic processes were evident, but evidence for bond rupture was not observed. 13a,15 Hexacoordinate cationic silicon complexes of the form [Si(OPO)3] + X − (X = Cl, FeCl4, ½SnCl6)
were first prepared by Weiss and Harvey 16 and later characterized spectroscopically and structurally by Tacke, et al. 17 Beyond this homoleptic variety, only a handful of organosilicon complexes bearing the OPO ligand have been reported. 18 Studies involving organosilicon complexes were undertaken here to examine their potential dynamic nature. The use of electrondonating carbon-based ancillary ligands has proven appropriate for promoting weak Si←OC dative bonding interactions and has led to the discovery of the first well-defined examples of the hemilabile nature of the rigid OPO ligand.
Results and Discussion

R3Si(OPO) Complexes. Monosubstituted complexes, R3Si(OPO) [R = Me (1), Et (2), Ph (3)],
were synthesized in quantitative yield in THF at room temperature with the assistance of triethylamine (eq 1). Filtration of the NEt3HCl salt and removal of the solvent under vacuum gave highly moisture-sensitive compounds 1 and 3 as colorless solids and 2 as an oil. The 29 Si
NMR chemical shifts of 1 and 2 appear at +35.2 and +35.7 ppm, respectively, supporting tetracoordinate solution structures. 19 For 3, a higher field 29 Si NMR resonance appearing at −10.8 ppm also indicates a tetracoordinate structure. 20 Variable-temperature (VT) NMR studies of 3 revealed a dynamic equilibrium between 5-and 4-coordinate states (vide infra). The crystal structure of 1 shows an effectively monodentate OPO ligand ( Figure 2 ). Selected bond distances and angles are shown in Table 1 just under the sum of the Si and O van der Waals radii of 3.62 Å. 21 The C=O bond distance [1.230(2) Å] is shorter than the C=O bond in the free ligand (1.260 Å) which is consistent with the relief of the intermolecular H-bonding that exists in the neutral ligand 22 and compares with the C=O distances in known cyclohexyl-and benzyl-substituted OPO derivatives (1.233 Å and 1.223 Å, respectively). 23 The N−O distance is slightly longer than in the neutral ligand (1.377 Å). The presence of alternating long/short bonds in the pyridine ring indicates a localized system of π-bonding with the C1−C2 and C3−C4 bond distances (Avg. 1.423 Å) longer than the C2−C3
and C4−C5 bond distances (avg. 1.357 Å), similar to the sequence of bond lengths in the free ligand 22 and benzyl derivative. 23b The structures of 1 and 2 are therefore similar to their carbon analogs favoring predominantly 2-pyridinone structures over their zwitterionic N-oxide tautomers.
22,24
Figure 2. Crystal structure of 1 showing displacement ellipsoids at the 50% probability level. The weak dative Si←OC interaction observed in 1 is apparently weaker in 2 at room temperature. Collected as KBr pellets, strong IR C=O stretching bands at 1649 cm -1 and 1653 cm -1 were observed for 1 and 2, respectively. Both C=O stretches appear at higher wavenumbers than that observed in the free ligand (1640 cm -1 ) from the relief of intermolecular H-bonding in the neutral ligand. The C=O stretching frequency in t Bu2Si(OPO)2 (7) described later, which possesses a monodentate OPO ligand in the solid state, also has a CO band at 1653 cm -1 , which suggests the absence of an Si←OC interaction in 2. The apparent weaker Si←OC interaction in 2 vs. 1 might be from increased sterics or from increased entropic effects due to differences in their physical states, with 2 being a liquid and 1 being a solid at room temperature. Table 2 ). The O2Si unit and the planar OPO ligand form a dihedral angle of 6.66(5)°. Similar core structures are seen in a chelated (C6F5)3Si salicylaldimine complex 25 and the related triphenylpyrithione Sn derivative. 26 In the Sn pyrithione derivative, the hydroxylamine oxygen occupies an axial position vs. an equatorial position. for the monosubstituted complexes (eq 2). The reactions proceed at room temperature except for the synthesis of 7 which required heating at 70 °C for several hours. The synthesis of Ph2Si(OPO)2 (9) by the same method was not possible due to its insolubility which prevented its separation from the NEt3HCl byproduct. By transsilylation, reaction of Ph2SiCl2 with 2 equiv. of 1 in CHCl3 under dilute conditions produced 9 in about 50% yield upon crystallization from solution over several days (eq 3). The 29 Si NMR spectra of 4, 5, 6, 8, and 9 in CDCl3 at room temperature each exhibit a single peak at −106.4, −103.3, −101.1, −117.6, and −133.7 (DMSO-d6), respectively, all of which suggest hexacoordinate solution structures. 27 The 29 Si NMR spectrum of 7, however, exhibits a peak at −54.3 ppm which is consistent with a pentacoordinate structure. 28 For complexes 4, 5, 6, 7, and 8, the 1 H and 13 C NMR spectra exhibited chemical-shift equivalent OPO ligand resonances at room temperature, whereas in 9 the spectra were complicated by severe broadening. VT-NMR studies indicate OPO chelation and stereoisomerism equilibria in all of these complexes (vide infra). (Table 2 ). These differences are consistent with the greater Lewis acidity of silacyclobutane complexes 31 and the more electron-withdrawing quality of phenyl vs. alkyl which is expected to strengthen the Si−O bonds. 
R2Si(OPO)Cl Complexes. Reaction of Me2SiCl2 or Et2SiCl2 with 1 equiv. of HOPO and NEt3
in THF at room temperature produced the monosubstitution products, Me2Si(OPO)Cl (10) and Et2Si(OPO)Cl (11), respectively (eq 4). The solution 29 Si NMR spectra of 10 and 11 show single peaks at -38.0 and −35.1 ppm, respectively, consistent with pentacoordinate structures. Efforts to obtain analytically pure samples of 10 and 11 were unsuccessful due to ligand redistribution equilibria (eq 5). Drying samples of 10 or 11 under vacuum resulted in ~5% wt.
contamination by 4 and ~ 12% wt. contamination by 5, respectively (see Supporting Information). The mass lost by the solid sample of 4 reached a stable level, but the mass lost by the oily sample of 5 continued to increase with the length of time spent under vacuum due to its liquid state which permits further reaction. These observations are consistent with a shift in the equilibrium upon which the volatile corresponding dichlorosilane is removed under vacuum. In an NMR tube experiment, the microscopic reverse reaction of a 1:1 mixture of 5 and Et2SiCl2 produced 11 completely at room temperature.
Attempts to prepare cleanly the mixed chloro derivatives (CH2)3Si(OPO)Cl and Ph2Si(OPO)Cl were unsuccessful. Reaction of (CH2)3SiCl2 with 1 equiv. each of HOPO and NEt3 in THF produced the disubstituted product, 8, in 55% isolated yield. However, evidence for the formation of (CH2)3Si(OPO)Cl was seen in an NMR tube reaction of (CH2)3Si(OPO)2 and (CH2)3SiCl2 in 1:1 ratio resulting in a mixture of 8, (CH2)3SiCl2, and (CH2)3Si(OPO)Cl in about 1:1:1 ratio by peak height in the 13 C NMR spectrum, along with other unidentified species.
Attempts to form Ph2Si(OPO)Cl by transsilylation of Ph2SiCl2 with 1 equiv. of 1 led to the formation of 9, Me3SiCl, and unreacted Ph2SiCl2. An NMR tube experiment of the combination reaction of 9 and Ph2SiCl2 in 1:1 ratio in DMSO-d6 also failed to produce any detectable Ph2Si(OPO)Cl. by delocalization of the nitrogen lone pair into the pyridine ring, in which the delocalization effect wins out for a net small shielding effect. This is in contrast to net deshielding effects observed in acetamide silicon complexes in which π-delocalization should also be possible. In those cases, downfield shifts of the C=O resonance by as much as 7 ppm were observed. 9 A comparative analysis of 13 C NMR spectra of the entire series of R2Si(OPO)2 derivatives was also done for which all were largely similar (see Supporting Information). All of their peaks appeared in the continuum between the spectra of 3 and 10 as expected based on their comparative Si−O bond lengths. These trends further support 13 C NMR spectroscopy as a tool to characterize qualitatively OPO chelate formation and chelation strength as a consequence of π-delocalization. . 35 This observation is consistent with a rapid equilibrium between 4-and 5-coordinate states with the latter favored at lower temperatures (eq 6). The appearance of a single 29 Si NMR resonance at all temperatures is consistent with the process occurring at a rate faster than the NMR timescale. A solvent-dependent 29 Si NMR chemical shift for 3 was also observed with its resonance appearing at −22.8 ppm in toluene-d8, −22.3 ppm in C6D6, and −11.5 ppm in CDCl3 at room temperature. The lower field appearance in CDCl3 is attributed to a shift in the equilibrium caused by a non-classical hydrogen-bonding interaction between the solvent and the carbonyl oxygen atom of the ligand. A similar argument has been made for the solvent-dependent chemical shifts in neutral salen-type, 7 hydrazide, 8 and acetamide silicon complexes. 9 On warming 3 from 23 °C to 60 °C in CDCl3, its 29 Si NMR resonance was observed to shift downfield by only 0.7 ppm to −10.8 ppm which suggests that nearly all of the tetracoordinate form is present.
The addition of methanol, a stronger H-bonding donor, resulted in protonolysis of 3 to form HOPO, but the addition of the bulkier Ph3SiOH proved to be a compatible mixture for an NMR study of the H-bonding interaction (Figure 14) . Figure 14 . 29 Si NMR spectra (toluene-d8) of 3, Ph3SiOH, and solutions of both in the indicated Ph3SiOH:3 mole ratios. The peaks associated with 3 are indicated with a *.
In a 1:1 molar mixture of 3 and Ph3SiOH in toluene-d8, the 29 Si NMR chemical shift of 3 was Given that the Si←OC bond of 3 is nearly fully dissociated in the adduct, the 29 Si NMR chemical shift prior to its abrupt precipitation in the NMR study was viewed as a reasonable estimate of the upper temperature limit in the 29 Si VT-NMR study. With this value and a lower temperature A solvent-dependent 29 Si NMR chemical shift was observed for 1 with its resonance appearing at ~6 ppm lower field in CDCl3 than in toluene-d8, which seemed to suggest a solvent-assisted weakening of the already weak Si←OC interaction observed in its crystal structure. With these observations, a chemical shift dependence on temperature might also be expected in the nonhydrogen bonding solvent, toluene-d8, but this was not observed ( 29 Si NMR: 30.6 ppm, −90 °C;
29.1 ppm, 50 °C). Furthermore, the direction of the slight shift was opposite that for a dissociative process. It is therefore concluded that the dative Si←OC interaction in 1 is effectively non-existent in solution because of general entropy effects that promote dissociation and that the lower field 29 Si resonance in CDCl3 vs. toluene-d8 is caused by a hydrogen-bonding donor interaction with the hydroxylamine oxygen leading toward protonolysis of the OPO ligand. A similar subtle effect is likely to exist in all of the other OPO complexes studied here which is not unreasonable in light of the extreme sensitivity of all of these complexes to moisture.
For 10, only a small solvent dependence of its 29 Si NMR chemical shift was observed (−39.5 ppm, toluene-d8; −38.0 ppm, CDCl3) and a 29 Si VT-NMR study in toluene-d8 showed a continuous downfield shift with increasing temperature at a very low rate of ~0.02 ppm/°C from −80 °C to 24 °C, similar to the small rate of change observed for the Ph2Si(OPO)2 derivative described below. Although a fast Si←OC bond dissociation is possible, the presence of C−H···Cl contacts would also result in deshielding of the 29 Si nucleus. 37 The chelation of OPO in 10 in comparison to 1 is consistent with the greater electron-withdrawing power of chloride vs. methyl. In comparison with the other 5-coordinate OPO complexes, the shorter Si−OC bond distance in 10 vs. 3 and 7 is consistent with its greater coordinative stability in solution.
Dynamic Behavior in Disubstituted OPO Complexes. 29 Si VT-NMR studies of 4, 5, 6, 8, and 9 all showed downfield shifts with increasing temperature which suggests, in each case, a rapid equilibrium between 6-and 5-coordinate states by dissociation of a dative Si←OC bond (eq 8).
Taking 4, 5, 6, 8, and 9 as a whole and with room temperature as a point of reference, 29 Si NMR resonances appearing further upfield were less responsive to temperature changes ( Figure 17 ).
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This phenomenon is attributed to an increase in the Si←OC bond strength that is accompanied with an increase in shielding of the Si atom. A correlation between 29 Si NMR chemical shift and
Si−O bond length has been observed previously for a series of prolinamide complexes. 10, 39 The relative strengths of the Si←OC interaction in solution are therefore indicated in the order i Pr < Et < Me < (CH2)3 < Ph. Further support for OPO chelation equilibria is given by (1) small shifts of the 13 C NMR resonances in directions consistent with increasing chelation with decreasing temperature for 4, 6, 8, and 9, (2) a solvent dependence of 6 on the 29 Si NMR chemical shift (−105.3 ppm, toluene-d8; −101.1 ppm, CDCl3) indicating the weakening of the Si←OC bond by the H-bonding donor solvent, and (3) the structure of the bulkier derivative, 7, which serves as a possible model for the dissociated form of these complexes. These observations and trends indicate that the increase in ancillary ligand sterics for 4→5→6→7 destabilizes chelation of one of the rings and lowers the barrier to Si←OC bond dissociation. The higher barrier to Si←OC bond dissociation in 8 is suggestive of its greater Lewis acidity that has been reported for other ring-strained silacyclobutanes 31 and in comparison with 4, the results described here suggest that reduced sterics of the constrained ring may also play a role. The markedly lower sensitivity of the 29 Si NMR shift to temperature in 9 is consistent with a prior report in which the increased electron-withdrawing power of a phenyl vs. methyl group has been seen to completely suppress dissociation of dative Si←N bonds. was obtained by VT-NMR studies. However, due to large differences in solubility between the complexes as well as the influence of the H-bonding donor effects of CDCl3 on the rate of their interconversion, the choice of solvent was important for their observation. Qualitatively, the solubilities in CDCl3 are 6 > 4 > 8 > 9, the same order as the ∆ppm/°C trend, and therefore suggests that looser coordination spheres facilitate dissolution of these R2Si(OPO)2 complexes.
The remarkably similar average Si−O bond lengths in 4, 5, and 6 coupled with their measureable differences in coordinative sensitivity to temperature also emphasize the role of solvent in the Si←OC bond dissociation and stereoisomerism equilibria.
1 H VT-NMR analysis of 4 was the most informative for the study of the stereodynamic process.
On cooling a solution of 4 in toluene-d8, the initially sharp and magnetically-equivalent methyl group resonance undergoes two simultaneous changes ( Figure 18 ). In one process, a continuous For solubility reasons, a low temperature 13 C NMR study of 6 in toluene-d8 was only barely possible, and not for 8 or 9. In this study, the two dynamic processes paralleling those observed Numerous related stereoisomerism processes in hexacoordinate metal complexes have been described. 43 In many of these prior studies, trigonal (Bailar or Ray and Dutt) twist mechanisms with or without bond rupture have been proposed. Evidence for a bond rupture pathway in this R2Si(OPO)2 series is given by the fast OPO chelation equilibria at all observable temperatures and the faster isomerization rates of 4 and 6 in the hydrogen-donor solvent CDCl3 vs. toluene-d8.
Furthermore, a comparison of the 13 C VT-NMR spectra in CDCl3 indicates a clear trend for the barriers to geometrical isomerization increasing in the order 6 < 4 < 8 < 9 which is the same order as their tendency toward dissociation ( Figure 17) . Specifically, slightly less broadening of carbons c and d is observed at −60 °C in 6 compared with 4 at the same temperature, initial broadening is not observed until ~0 °C in 8, and significant broadening remains even at +60 °C in 9.
A proposed mechanism for the interconversion of diastereomers in these R2Si(OPO)2 complexes is given in Figure 20 . Although bond rupture processes through square pyramidal (SP)
intermediates could be involved in the isomerization process observed here, 44 
The possibility of recoordination from A leading to trans alkyl groups was excluded from the mechanism on two bases: (1) To the best of our knowledge, occupancy of alkyl groups in trans positions is unprecedented for any neutral 5-coordinate C2SiX3 (X = N, O) core, and (2) the same pattern of broadening of OPO carbon resonances in 4, 6, and 9 is observed as in the metallacycle 8, which obviously cannot span both Si−C bonds across two axial sites. With alkyl or Si-ON positions as pivot points, a Berry pseudorotation from A followed by Si←OC recoordination leads to either trans occupancy of the alkyl groups or to II or III, and thus does not account for the formation of I.
In the proposed TBP intermediates A and C that lead to the major observed isomers I and II in 4, it is noteworthy that their equatorial sites are occupied by groups that form covalent bonds with silicon. This presumably more stable arrangement parallels the bonding-type positional arrangement observed in all of the TBP solid-state structures of 3, 7, and 10 as well as in many other TBP silicon chelate complexes. 1,33d The greater stability of covalently-bound ligands in the equatorial plane has been termed 'equatoriphilicity' which has been invoked in pseudorotation mechanisms in 5-coordinate phosphorus compounds. 47 Also in line with this concept, the higher energy occupancy of one dative Si←OC bond in an equatorial site in the TBP intermediate B leading to III is consistent with the far lower abundance of III observed in the NMR spectrum of 4. A similar argument can be made for 5, 6, and 8 based on their greater abundance of I vs. III suggested by their C/N disorder ratios. Accordingly, the more abundant isomer III in 9 suggests that intermediate B is more accessible than C, perhaps due to greater covalent Si−OC bonding in this complex, but this is highly speculative. Although leading to the same products, this mechanism does not account for the possibility of dative Si←ON bond rupture also occurring.
Further work is in progress to address this possibility.
Dynamic Behavior in 7. Temperature-dependent 29 Si NMR chemical shifts were also observed for the pentacoordinate complex 7 in toluene-d8 with resonances appearing at higher field with lower temperatures (Figure 21 ). 48 The extent of shift of the 29 Si NMR resonance was smaller than that of 3 which is consistent with its stronger dative Si←OC interaction observed in its crystal structure. All five carbon resonances shifted in directions consistent with greater coordination at lower temperature. As with all other R2Si(OPO)2 complexes described, these observations are consistent with a fast Si←OC chelation equilibrium, but in this case involving 5-and 4-coordinate states. A large solvent-dependent 29 Si NMR chemical shift was observed (toluene-d8, −62.6 ppm; CDCl3, −54.3 ppm) which again supports the hydrogen-donor assisted Si←OC bond dissociation by the solvent. On cooling to −85 °C in toluene-d8, the single set of both 1 H and 13 C NMR OPO ligand resonances became increasingly broadened but did not resolve. From initial line broadening, an activation barrier of ca. 11.5 kcal/mol was determined.
The slightly larger barrier to dissociation than in 3 is consistent with the smaller temperature dependence of the 29 The strength of the OPO chelate is indicated qualitatively by 13 C NMR spectroscopy where changes in chemical shift occur as a result of increased π-electron delocalization within the OPO ring.
Experimental Section
All manipulations were performed inside a N2-filled Vacuum Atmospheres glovebox. Pentane and tetrahydrofuran were dried and vacuum-distilled from purple solutions of benzophenone ketyl and stored over activated 4Å molecular sieves. Acetonitrile, chloroform, and triethylamine were dried and vacuum distilled from activated 4Å molecular sieves. Silyl chlorides were purchased from Gelest, Inc. and used as received. Triphenylsilanol, 1-hydroxy-2-pyridinone (a.k.a. 2-hydroxypyridine N-oxide), and DMSO-d6 were purchased from Aldrich and used as received. 1 H, 13 C, and 29 Si NMR spectra were recorded using a Bruker DPX250 NMR spectrometer ( 1 H, 250.1 MHz; 13 C, 62.9 MHz; 29 Si, 49.7 MHz) with 29 Si NMR spectra recorded at a minimum resolution of 0.36 Hz. 29 Si NMR chemical shifts were referenced to external TMS in the same solvent. Infrared spectra were recorded on a Shimadzu Prestige-21 FTIR spectrophotometer. Elemental analyses were performed at the CENTC Elemental Analysis
Facility at the University of Rochester.
Crystals were placed onto the tips of glass capillary tubes or fibers and mounted on a Bruker SMART APEX II CCD platform diffractometer for data collection. 52 For each crystal, a preliminary set of cell constants and an orientation matrix were calculated from reflections harvested from three orthogonal wedges of reciprocal space. Full data collections were carried out using MoKα radiation (0.71073 Å, graphite monochromator) with frame times ranging from 10 to 120 seconds and at a detector distance of approximately 4 cm. Randomly oriented regions of reciprocal space were surveyed: four to six major sections of frames were collected with 0.50° steps in ω at four to six different φ settings and a detector position of −38° in 2θ. The intensity data were corrected for absorption. 53 Final cell constants were calculated from the xyz centroids of about 4000 strong reflections from the actual data collections after integration. 54 Structures were solved using SIR97 55 and refined using SHELXL-2013. 56 Space groups were determined based on systematic absences, intensity statistics, or both. Direct-methods solutions were calculated which provided most non-hydrogen atoms from the E-map. Full-matrix least squares / difference Fourier cycles were performed which located the remaining non-hydrogen atoms. All non-hydrogen atoms were refined with anisotropic displacement parameters. All hydrogen atoms were either placed in ideal positions and refined as riding atoms with relative isotropic displacement parameters or found from the difference Fourier map and refined freely.
Full matrix least squares refinements on F 2 were run to convergence.
In In an NMR tube experiment in CDCl3, the same reaction produced Me3SiCl, 9, and unidentified impurities which are believed to co-precipitate with 9 although impurities could not be detected in the 1 H and 13 C NMR spectra of isolated 9 (see Supporting Information). Due to its very low solubility in CHCl3, THF, and CH3CN, further purification was not possible. Although it was possible to obtain 1 H and 13 C NMR spectra of 9 in CDCl3 in a transient soluble state, a 29 Si NMR peak could not be located due to severe broadening in the slow fluxional regime.
Me2Si(OPO)Cl (10).
To a stirred solution of 1-hydroxy-2-pyridinone (0.275 g, 2.48 mmol) and NEt3 (0.35 mL, 2.5 mmol) in THF (14 mL) was added Me2SiCl2 (0.30 mL, d = 1.06 g/mL, 2.5 mmol) dropwise at room temperature. The resulting mixture was stirred for 30 minutes and the (35) To illustrate the significance of these changes in chemical shift, the 29 Si NMR shift of Ph3SiOPh, incapable of chelation, appeared upfield by 0.04 ppm (in the reverse direction) upon heating from 23 °C to 60 °C in CDCl3.
(36) A crystal of the adduct was obtained by partial hydrolysis of 3 in a recrystallization vial containing THF and pentane. (38) To illustrate the significance of these changes in chemical shifts, the 29 Si NMR shift of Me2Si(OPh)2, incapable of chelation, appeared upfield by 0.44 ppm (in the reverse direction) upon heating from 23 °C to 60 °C in CDCl3, for a rate of change of −0.012 ppm/°C.
(39) A correlation of 29 Si NMR chemical shifts with Si−OC bond length could not be made in this series of complexes due to C/N disorder in the crystal structures. (41) Because of a very weak signal resulting from low solubility in toluene-d8, 13 C NMR spectra of 4 were obtainable only to −60 °C.
(42) This result is not wholly consistent with the C/N disorder ratios measured in the crystal structure (indicating a maximum of 36% I when constrained to include isomers I and II only). However, it should be considered that one isolated crystal may not represent the bulk solution or solid sample. 
